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CHAPTER TWO

CONCEPT EXPLORATION PHASE
(Pre-Milestone I)

INTRODUCTION

Based on our discussion in Chapter One, we have seen that the Sponsor plays the leading
role in the initial establishment of the tentative Ag thresholds which are consistent with the mission
needs analysis on which the system requirement is based. At Milestone 0, with the approval of the
OR, the Sponsor formally established a preliminary A threshold (or range) which became the
basis on which the Concept Exploration phase proceeds. In the acquisition period following
Milestone 0 and prior to Milestone I, the initial system concepts adopted in the OR will be further
developed and refined. Alternative approaches will be explored which will meet the established Ap
preliminary threshold range. For major acquisition projects, this concept exploration effort will be
directed and coordinated by a Program Mana%:- assigned at Milestone 0. For smaller acquisition
projects, the concept development effort will be the responsibility of an existing office in the
Developing Agency. In either case, the role of the Sponsor during this period changes. Mission
requirements and a range of preliminary Ao threshold values consistent with these requirements
have been put in place. Now the Sponsor must ensure that concept exploration proceeds in a
manner which will result in the identification of specifically defined systems concept which meets
the OR requirements at the lowest overall cost. Perhaps the major issues to be reconciled in this
phase are the cost trade-offs inherent in alternative approaches to obtaining the projected Ao of the
system. Thus, the Sponsor must concentrate on monitoring and evaluating Ao as it relates to the
projected overall cost of the system. ‘

The relevant concept of costs to be employed by the Sponsor must be system life-cycle
costs. System life-cycle costs include:

1. Research and development costs
2 Acquisition costs

3 Introduction costs

4, Logistic support costs

5 Disposition costs.

Thus, to be effective in the Concept Exploration phase the Sponsor must not only be able to
cffectively evaluate the general composition of the Ag index for a given system alternative but must
also be fully conversant with the cost trade-offs which exist for a given system alternative. The
objectives of the Sponsor’s review are two-fold. First, the projected Ag associated with any given
system alternative under consideration must be realistic when decomposed into the reliability,
maintainability, and supportability elements on which it is based. This implies that the Sponsor
must be assured that the data and assumptions which support the projected Ao for a given
alternative are auditable and defensible. Second, given that the Ag values projected for each
alternative approach to the system are individually realistic, the Sponsor must ensure that the
systems concept selected for develogt:ent and validation represents the most cost-effective choice
based on the trade-offs which exist between life-cycle costs, Ag and mission effectiveness.
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REFINING Ap REQUIREMENTS

Preliminary Ao threshold values consistent with the opcmtional or mission effectiveness of
the system have been specified in the JMSNS/OR at the overall or major system level at Milestone
0. During this phase, the system-level Ag threshold value will be refined and extended by the
Progmm Managcr through analy51s at the subsystcm (and potcnually thc component) level. The
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First, the initial system mission requirement which evolved earlier through warfare
analysis or simulation must be more specifically developed in explicit opa'auonal

terms. This effort, called the Use Study or Use Plan in acquisition categories I and
I, will bc conductcd by thc Program Managcr As ouumed in MIL-STD-1388-1A,
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the Use Study wili acnnc the aciual appucauon planneu for the sysicm anda
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system. Deployment cycles, utilization rates, etc, as outlined in the Use Sgl_ujy

should be vahdamd by the Sponsor against the mmal Mission Needs Determination

which drove the nrchfmnarv Ao threshold established at Milestone 0. Any changes
in the intended use of the system should be reflected in revised mission
effectiveness or system effectiveness requirements and, where appropriate, in the
Ao thresholds used to gmdc the Concept Explorauon Process. The Sponsor shouid
formally approve the Use Plan at Milestone I.
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at the mmnr evﬁtem-level Ag threshold

Second, the Snonsor must ens
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rgqui_rgmggt is properly and consistently translamd and allocated to the subsystem

or, where fcasxblc. to the component level within the overall system. This pmccss
of allocation, accomplished by the Program Manager, should be reviewed by the
Sponsor to determine:

a. Are suosysu:m/cqmpmeﬂt Ao ihreshold values realisiic given iechnol
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Flect operating experience, and preliminary 10gistic support piar

b, Are subsystem/equipment Ag thresholds for these subsystems common to
other major systems consistent with Ag requirements for these systems?
c. Are the reliability and maintainability parameters for any cxxsung

govcmmcnt-furmshed subsystems/eqmpmcnts to be used in the new system
consistent with the assumptions specified for the new system?

d. Do subsysiem/equipmeni reliability, maintainability, and suppoTiability
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system/equipment A requirements as the development process proceeds?
This second major effort essentially recognizes that most new systems involve a
hierarchy of subsystems and oomponems s and that this systan/eqmpment
relationship must be accurately and consistently represented in the refinement of Ap
threshold values. Essentially, the documentation of Ao requirements at the system,
subsystem, and components levels must be clearly and explicitly linked and an audit
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trail (top to bottom) established to allow the Sponsor to effectively evaluate the
reasonableness and consistency of proposed subsystem/component changes. Each
time a subsystem/component-ievel Ag requirement changes, the impact of the
change on other related subsystem/components and on major sysiem Ao must be
reviewed to confirm system effectiveness requirements are maintained. No
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hierarchial relatmnshmq which exist in the mamr system. The Qnonenr should
require that the Develomnz Agency document ‘these Ao relanonshms at the
system/subsystem/ component level and that assumptions made at one level are
consistent with those made at other levels in the system hierarchy.

Kev Action Steps

The process of monitoring and evaluating Ag by the Sponsor begins in earnest following
Milestone 0 as the system concept exploration begins and as specific system proposals and
configurations are evaluated in terms of development cost, schedule, technical performance.
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supportability. Based on DODI 5000.1 of 19 November 1985 (NOTAL), the Navy policy since
1980 has been that readiness and supportability questions are equally as important as cost,
schedule, and performance issues and that the emphasls on system supportablhty must begm at the
start of the acquisition process. It is recognized that this general policy thrust is not yet well-
established in practice. Nevertheless, based not only on the supportability costs of today's Navy
systems but also on the direct i impact which system supportability wnll ulumately have on system
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this. ea:ly phase to understand and to assess the assumptions s and factors which are utilized to
develop preliminary system alternatives in response to the issuance of the Operational Requirement
(OR) document. Thus, in review the systems concept explored in this phase, the Sponsor must
ensure that the supporting analysis is consistent with the Ag preliminary threshold range
established and that the underiying components of Ag are reasonable reiative to the current level of
technoiogy, Fieet procedures and chtices, and the generai ievel of iogistic support which may be
expected in the actual operation of the system. Three specific Sponsor actions are required in this
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1. Review and Confirm the Baseline Comparison System

First, the Sponsor must confirm that the Baseline Comparison System (BCS)
seiected by the Program Manager tor oompanson and for development of projected
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wuh general system parameters for the proposed system.

2. Yalidate the Usc Plan

Second, the Sponsor should validate that the Plan for Use developed by the
Program Manager is complete, clearly defined, and consistent with the mission
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be a part of the Use Study but not a part of the mission needs analysis which
determined preliminary Ag threshold values. Where system technical performance
requirements or intended usage have changed, the Developing Agency should be
requlred to demonstrate that these changes are spclled out in the Usc Plan and that
any reiated changes required in the preiiminary Ao threshoid vaiue have been
properly incorporated into the analysis and planning and are reflected in the Ag

Lonobald acenbeliohod s MMilacencma T To iq manccmenandad shas tha Qmrcaons fammaall,
threshold established at Milestone 1. It is recommended that the Sponsor formally

sion the [Iea Plan indicatine annmval and accentance ag a valid statement of the
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intended application of the system.
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suoscqucnuy €voive from the LSA process in laier Stages. CSUMAISS and analysis

will, in this phase, typically be quite general. Most estimates will be at the major

system level and will hkelv be extranolations from the BCS chosen. Mareover, a

numbcr of system options mav still be active candidates for consideration.

Because the specific system definition may be unclear at this point, a general paper
prototype model of the system a altemanve selected is pcrhaps the most mhsuc

expectation for the Sponsor. This generai paper specmcauon may be expecied 0
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Snonsor to force dpvplmpmpnt of the cpnml Daper prototyne of the svetem nriaor to
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Milestone I and to further require the definition of the general system parameters of
reliability, maintainability, and logistic support envisioned for the system. Itis
recognized that these parameter definitions will be gross approximations in most
cases. Howevcr, major mconsmenmes w1th current techmcal capablhty, Heet
experience, and iogistic support can be ideniified even in this carly sage. For
example, system proposals which call for system reliability well beyond any

currentlv denlaved cuctems of a similar tvne or nronosale which are baced on an

bbb Ahand xtavd Al | SV VA PRV voms VVeievis =Y Pes ==

MLDT which is far shorter than current Navy levels must be challenged by the
Sponsor at this point. The Developing Agcncy must be able to cﬁ'ecnvcly
document and support the source/validity of these estimates. Failure to do so will
potentially jeopardize the viability of the system once fully developed and deployed.
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Supporting data to allow the Sponsor to evaluate the Ag preliminary threshold (or range)
poscd by the Progmm Manager at Milestone I may be defined on two levels. First, there are the
major supporting input documents to the establishment of the preliminary Ao threshold developed
by the Program Manager. These supporting documents, which should be reviewed in detail by the
Sponsor, include:
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alternatives under consideration)

. Results of MIL-STD-1388-1A, Use Study and Comparative Analysis.

The major supporting data sources become not only inputs to the Sponsor review of the
preliminary A threshoid, but are aiso inputs to the operational scenario analysis or use pian for the
system discussed earlier. The Sponsor will rely on these macro-level data sources as general

statements of how the system will be acquired, how it will be employed, and how it will be
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be tentative at this stage of acamsmon it is an invaluable source of information to allow the
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Sponsor to understand and evaluate the pmlnnmsrv Ag threshold for the system.

At a lower, more specific level of detail are the discrete parameters estimates or projections
made by the Developing Agency which, in combination, determine the Ao threshold envisioned for
the system. Here the bponsor should rev1ew the rauonalc used for dctemnmng what are
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"comparabie sysiems" within the coniext of MIL-STD-1388-1A LSA and the reasonabieness of the
sources of data on those comparable systems. We will discuss these data sources and uses in
detail in later chapters; however, in this early stage, basic micro-level data requirements may be
categorized generally as follows:
1. Failure Rates: Failure rates are the purview of the Navy's engineering community
and will typically be addressed by the technically-oriented mathematicians and
cngmcers rcsxacnt in supporting byswms Command orgamzauons Based on very

anale. Arcand e anacmneata aced accataces mcaaoaal acm mbact oal o

cany discussion of mission scenario and SySiCm Opcraung characieristics,
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technical determination or judgment must be made as to the expected failt

the system envisioned. This initial treatment must include:

>
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rate fre
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:

a. Wartime operating environments, mission scenarios, and required operatmg
characteristics. If the expected wartime operating environment or mission
profile is expected to change failure rates, a separate wartime failure rate
must be developed. Since existing Navy data bases or similar systems wxll

1 \ P o anta
be essentially peacetime failure rates, extrapolation to wartime rates must, in

most cases. be j!_ dgp‘\fpfﬂ'_ Nevertheless, such a dptprmmnhnn must he
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made.

b. An explicit consideration of subsystem failure rates for those critical
subsystems whxch would render the system eqmpmcnt mopu'ablc

Expected failure rates for those subsystems essential to the ooperation of the
overall system must be estimated. Additionally, the operating relationships

of these critical subsystems must be developed (via a block wiring diagram
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approach, for examnlc) so that redundancles and specific operating
rclauonshlps are mcogmzed in the determination of the overall sysnem
failure rate.
For purposes of evaluating failure rates prior to Milestone 0, the best sources of
p | a1 P

Gaia 107 Simiuar Sysicms arc:
. The Aviation 3-M Maintenance Data Collection System (aviation systems)

The NAVSEA Reliability, Maintainability, and Availability (RMA) Design
Data Base (shipboard systems).

Each of these data sources contains failure rate data at the equipment level which is

appropriate for estimating MTBF early in the acquisition.

2. Repair Times: The second key element in the Ag index is an estimate of system
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repair time at the organizational level of maintenance. The estimate, specified as
MTTR, assumes that all required parts, personnel, training, publications, and test
eqmpment are avallable and measures the "inherent maintainability” of the proposed

system in its intended opaanng environment. Repan' time m should be

e a2

based on the best data and judgment from the Navy's maintenance community and
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should be based on the maintenance plan envisioned for the system. Prior to
Milestone I, before the formulation of a maintenance plan specific to the system
under consideration, estimates of MTTR will generally be derived from the general
operating concept of the system coupled with selective use of repair data for similar
(BCS) systems.

Repair times are a part of both the NAVSEA RMA data base and the Aviation MDS
system. These repair time data are equipment-specific and apply to the
organizational level of maintenance. MTTR ranges are typically low relative to the
other elements of the A index. As a result, the accuracy of MTTR estimates in the
overall Ag index is not critical. For example, given an MTBF of 1,000 hours and
an MLDT of 125 hours, ranges of MTTR between zero and 10 hours bound the
projected Ag between 0.88 and 0.89. An OPNAYV review of a wide range of
existing Navy systems in 1981 revealed that a 3-hour MTTR was representative for
over 90 percent of the equipments surveyed. This baseline estimate, tempered by
conceptual or design plans and by empirical data for similar system, will be
adequate to represent MTTR in Ag threshold determination prior to Milestone L
Following Milestone I, as the explicit system concept is finalized and actual system
demonstration and validation begins, the MTTR estimate must be validated (and
adjusted as required) based on test data and engineering analyses of sample results
which are specific to the system being acquired.

Logistics Delay Times: No single element of the Ag index is as difficult to address
as is Mean Logistics Delay Time (MLDT). At the same time, MLDT has a
substantive impact on the Ag of any system. Moreover, a significant portion of
life-cycle costs are attributable to the MLDT one finally achieves. MLDT must be
addressed explicitly from the outset of the acquisition process. Most systems are
supported using standard Navy logistics procedures--standard sparing policies,
standard maintenance processes and structures, and standard transportation
systems. OPNAVINST 4400.12B (NOTAL) provides logistic support delay time
goals which are standard to the Navy logistics system. The support structure
assumes a three-echelon (consumer, intermediate, and wholesale) inventory
structure and a related three-echelon (organizational, intermediate, depot)
maintenance structure. Sparing and distribution procedures are geared to provide
specified response times to user requirements. Thus, prior to Milestone I the
Sponsor should utilize concrete BCS data, adjusted for planned support
differences, to evaluate MLDT projections. Any programmatic thresholds
recommended by a Program Manager which imply an MLDT below Navy
standards must be challenged by the Sponsor. Such nonstandard MLDT
projections must be validated to ensure:

a. Support plans and related resources have been defined and adequately
programmed to support the nonstandard MLDT.

b. If sparing-to-availability is planned by the Program Manager, OP-04
approval has been received.

c. A rigorous trade-off analysis has been conducted by the Program Manager
to assess the impact and cost of improved reliability, maintainability and
supportability on projected Ag and that the documented results of this trade-
off analysis clearly point to MLDT as the pivotal variable to be reduced.
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Accomblishing Kev Action Steps

As discussed earlier in the Concept Exploration phase of systems acquisition, the initial Ay
threshold range projected at Milestone 0 and included in the JMSNS/OR will be further refined as
system concepts/options are more fully defined. The action steps required should be accomplished

as follows:

1.

Revi { Confirmn the Baselinie C son S

a. Is the BCS selected representative and appropriate and is it fully defined
relative to the system proposals being reviewed?

b. Are all system parameters (reliability, maintainability, and supportability)

alicsia noe anlela. hanad nc o DOC o ] T e e P
realistic and achievable based on the BCS, actual Fleet operating experience,
technology (as reflected in Navy or private sector technical data bases), and
engineering _,lu_gm“-n-?

an/U btudy (or cqulvalent) descnbes the operauonal use planned for

|
m. 10g€ iner w1m the data rcnaung 10 mc nascune L,ompanson bysu:m
(BCS), the Use Plan allows the Sponsor to monitor and evaluate Program
M

nager/Developing Agency Ag proposals, The following basic review techr nique
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a. Is the Use Plan consistent with the Mission Needs Analysis which drove
carlier development and acquisition decisions?

b. If changes have been made in the use planned for the system, have these
changes been appropriately reflected in the system/mission effectiveness
requirements and, in turn, to the elements of system-effectiveness
capability, availability, and dependability.

To understand the process of Ag evaluation at this point in the acquisition cycle, the

Sponsor must develop a familiarity with the Logistics Support Analysis (LSA)

which underlies the Program Manager proposal. As discussed in MIL-STD-1388-

1A, LSA is a mandatory step in systems acquisition which

a. Assesses the supportability requirements by support element for the system

including personnel, training, support/test equipment, maintenance and
repair capabilities, , Spare parts requirements and positioning, and

G oo ceom ot m 82 ce co 2o
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b. Evaluates alternative mixes or combinations of policies and procedures for
the set of logistics elements outlined above to 1dcnufv the most cost effective
mix given the preliminary A threshold range established and the evolving
values for reliability (MTBF) and maintainability (MTTR).

c Develops logistic support cost projections for the system over its lifecycle

ops
the logistic support alternative or structure considered to be most cost
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d. Provides detailed backup plans and analysis for depot maintenance support
(the Depot Support Plan) and for supply support (the Supply Support
Management plan).

c. Provides the foundation for the derivation of the Integrated Logistics
Support Plan (ILSP) which must be available at Milestone I and for the later
refinement of this to generate the final ILSP for the system.

The LSA effort is a continuing process throughout the acquisition cycle. Much of
the supporting detail noted above will not be available in earlier phases but will be

dcveloped as thc LbA process proceeds. We wili discuss the LSA process in

greatcr detail in Lﬂdp[cr Four.

Prior to Milcstonc I, the LSA will typically be conducted at the major system level
and issues of system supportability will clearly be addressed on a very preliminar)

basis pcndm concept demonstration and validation. Nevertheless, the Sponsor
must resolve several critical issues in this phase:

a. Does the ILSP reflect comprchcnsxvc planning f

maintenance and supply support structure eny

3
based on the planned system employment plan an

nerformance? Can the Develoning A gencv nrovide a document flow

analysis which will demonstrate how material availability and time delays
gcncrated by the proposed ILSP relate to the MLDT used to develop the

proposed Ao threshold?

ogistic support and is the
) S R |-Pre. gy
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b. Are all assumpnons, data, and computauonal analyses correct and valid and

arc these factors used consxstenuy not omy wumn the document, but aiso in
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relationship to earlier planning factors and projections?

These specific Sponsor actions in the moni tgn_ng and evaluation of Ag over time as systems
acquisition nmcecd w111 be discussed i etail in later chapters. The primary l'CSDOﬂSlblhtV

acquisition proceeds will be discussed in more de
O €N

of the Sponsor prior to Milestone I is to sxfrc that the systems concept selected is the most cost
effective alternative consistent with the preliminary Ao threshold range established.

Documentation requirements for the Ao threshold at Milestone I have been identified in an
earlier section of this Chapter. In addition to the major decision documents required (such as the
DCP/NDCP and the TEMP), important supporting documents include:

. The Use Plan

. The ILSP

- Dalatad tanhmiral annandicnas ¢ tha VYD
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This section deals with evaluating the preliminary Ag threshold on the basis of mission
objccnvcs and cost trade-offs. Prior to Milestone I, this analys1s is perhaps the major

responsibility of the Sponsor. Ideally, we would like each system to have an Ag of 1. This is

impossible since this would require a system reliability of 1 or, if the system were not 100 percent
reliable, it would require instantaneous repair when the system did fail. Moreover, the life-cycle
cost of a system is closely connected with the Ag achieved by a system, and the higher er the Ao
required of a system the higher the life-cycle cost. Consequenly, it is importan amine the

y t
preliminary Ag threshold range set for a system in terms of both the effectiveness
meeting mission objectives and the comcspondmg life-cycle cost of the system. The Sponsor needs
to understand what mission effectiveness of a new system will be at different A levels and the
corresponding cost of supporting each acceptable Ag level to make efficient decisions on how to

allocate the Navy's scarce resources.
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1. Lonnm MISSION EIecnyveness 10 Ao Kequirements
The first and primary objective in establishing the preliminary Ao threshold must be
mission effectiveness. In Chapter One, we discussed the general methodology that
should be used in setting preliminary Ag thresholds in terms of the warfare
requirements for the system. Here, the Sponsor must ---ﬁm the Ag threshold
established. Conceptually, this Ag to mission capability decision should be made

prior to any cost trade-offs analysxs. The SDonsor should bezm bv analyzing the
relationship which the Program Manager has developed and documented (for each
system option) between the platform-level measure of mission effectiveness
appropnate in the spcc:ﬁc mstance (for examplc, shlps mission capabxhty) and the
major sysrem-lcvcl Ap rcquu'ea to generate this level of plauorm ievel effectiveness.
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Recall that each system option being considered in the Concept Exploration pnasc
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r with svstem As will determine mission or svstem effactivenece The
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ma_'_rgd levelé ange o .Uf mission effectiveness dcu;nnted for the system (based on
earlier warfare analysis) will, in turn, allow the SDonsor to validate the potential
prchmmary Ay threshold range proposed by the Program Manager. In Figure 2-1,
the mission effectiveness measure chosen as appropriate to the system is Ships
Mission Capability (SMC). A minimum SMC of (.75 has been specified. This
mquu'eu level of mission effectiveness drives a range of Ao values, for systems
options considered viabie by the uevelopmg Agency, of 0.80 to 0.95 as shown.
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The presumption must be that any Ao required to meet established mission
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scenano(s), the Sponsor should expect toseca gmph or slmﬂar data) as portrayed
in Figure 2-1 illustrating mission effectiveness and Ag relationships for each option
or alternative identified during concept development prior to a Milestone I decision
to proceed with demonstration and validation of a single option.

the vertical axis (i.c., measures of mission effectivencss) will vary
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considered and the cffccuvcncss measure must be tied into the pmbabxhty of the
system meeting its mission objectives. As described earlier, it will be the
comomanon of capamuty, avauamuty ana aependabmty which will determine

£ . _

system effectiveness and platform-level mission effectiveness.
2. Vali Life-Cycl Relationshi

Figure 2-2 portrays cost-to-capability (i.e., cost-to-Ag) curves for system
alternatives or options identified dunng conccpt exploration. These cost-to-
capability curves should be a part of the Program Manager's concept exploration
effort and must be documented by the Program Managcr with a list of the
assumpnons about the scenarios and system penormancc cnaractcnsucs (i.e., the

ne ansiranmant and sanciead Aamacntliaeal aamale PR X P
plupvow U})Glaﬂll!, cuvuunuucut ald icjuicu Up(:laﬁUl paumucb O1 tic by IIl
that are used in estimating the relationship between Ag and mission effectiveness.

$2A0L RV WOV AL WoMLLIGMUUIE HMIV AviIGUViDsup Uwe Ty v

As outlined in OPNAVINST 5000.42C, once a prchmmary A threshold is
established, the relationship between and corresponding life-cycle costs of a system
must be estimated. This ngram Manager estimation effort must be reviewed and
validated by the Sponsor as a second step in analyzing the cost to Ao trade-offs.
The Sponsor will require cost-to-capability relationships in order to evaluate life-

cycle costs to achieve Ag and mission effectiveness for each system alternative.

Abn swasea rmem dmeneen lace olea Phoo - Sma oo PR,
LOsts must O DrOKENn Adown Oy the rro Ivianager 1nto various suppo
categories and the cost analysis performed by the Program Manager should seek an

Ao value which represents the most cost effective way of achieving the Ag value.
This requires evaluating trade-offs among reliability, maintainability, and the

various areas of loglsnc support at the major systcm lcvcl in mecung an Agp
threshold range.

Dacia Masa Do o _ __J_

Basic cost elements, definitions, and estimating guidance is contained in a series of DOD
instructions (DODI 5000. 33 and DODD 4245.6). While many specific costs and other data are a
part of the analysis as acquisition proceeds, prior to Milestone I, the data necessary for the Sponsor
to effectively evaluate Ag to cost trade-offs provided by the Program Manager may be specified as

foliows:

1. Technical and logistic support data for the system under consideration. This data
includes failure rates, repair times, and logistic dela" times. Altemnative feasible
mixes of these variables which vield the A, requ of the system based on

b Aty Son

mission effectiveness should belcva-lu-ated by the Program Managcr, and the
Sponsor should confirm that these alternatives have been assessed.

eacn altcmauvc mix of failure rates, repair times, and logistic delay times being
aluated, both system acquisition and full life-cycle support costs are required.

N

In the pre-Milestone I phase of systems acquisition, it is unrealistic for the Sponsor to expect that

these techmcal logistic support, and cost data will be well d.cﬁ..n.u.i for the specific system ur d..e.r

consideration. In most cases, the specific least-cost mix of reliability, mamtamabxhtv and
supportability which meets the preliminary A threshold will not be fully determined by Milestone

I-2-11 Enclosure (1)
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L As a result, the cost analysis which supports a Milestone I decision should be based on the best

-s —-—, Y www Yasavar Bwppwe e S AW & Wwwwavawss Wasw wea:

data avmlable for similar baseline comparison systems already in the Navy inventory or on the
technical and engineering judgment of the Developing Agency. We have pnckusly discussed
these data sources in general terms and delay a more detailed examination of this data until the
following chapter.

mplishi i TN

The methodology that is described below is designed to be used by the Program Manager
to establish Ag to mission effectiveness and life-cycle cost relationships. The Sponsor should
validate and review the Program Manager’s cost analysis by sequentially tracking the steps taken.
For each step, data sources, assumptxons, and rcsults of the analysis should be analyzed by the
aponsor The basic techniques that are used by the aponsor to evaluate the nclanonsmp octween

sareasr nant tenda Affo nmanem o Oantomcmn as laceala ol

n() and hfe-cycl- Cost, and 1o ICVICW COSt Taac-011s among raciors auppuluug no levels should

NN A What unll chanaa oh =
remain essentially constant over the entire acquisition process. What will change as the acquisition

process proceods is the quality of the data used to execute these techniques. Indeed, system
definition, unit costs, reliability and maintainability factors, level of repair and general support
concepts, manning and training requirements, to name a few important factors related to system
life-cycle costs and Ao, can be estimated and evaluated in the earliest phases of aoqmsmon These
estimates can help the Sponsor make the necessary decisions regarding Ao requirements in terms
of the resources needed to maintain an Ao level. Prior to Milestone I, this data may only support
very gross trade-offs or gross estimates of Ao. As the acqmsmon process prooeeds the data will

caa__ B_£* __ 31 ___ 9 . -

become betier GCHDCO and our estimaies of Ao and com:sponmng system effectiveness and

Vlamecrnla nanen .-._ @ o macenn e mamccoman

lifecycle costs will also become more accurate.

.

at Milestone

The Sponsor must eval wreshold range set at Mileston:
sh n

evaluate the v at
on the basis of cost. Ag to cost relationships generally follow the basic pattern shown in Figure 2-

3.

However, in developing the relationship of A to cost, we must also be sure that resources
are allocated by the Progmm Manager in a cost-effective way among the principle elements of Ag
(reliability, mamtamabxhty. and loglsuc support). This is complicated by the fact that lognsnc
support may be packaged in a variety of ways that will provide equivalent logistic delay times at

e vy | £F, -
different costs. Consequently, we not only need to consider the possible trade-offs among

rehablhtv mmnm_ngbx_l;gv and lomenc support but the nossible trade-offs among the elements of
logistic suppon that would m'ov1de given levels of Ao , for the possible combinations of ml_lablhtv
and mamtamablhty we are cons1dcrmg for the system. This requires that the analysis, conducted
by the Program Manager and reviewed/validated by the Sponsor, proceed in two-stages for each

system option:

)

TRant acmle caccceccts oo a mr A A" TT'NY L AT TN _ & . A e 2

ring, cacn scparaic Componcnt UM ibr, Ml 1K, MLU 1) OI in€ Ag 1naex
must be evaluated in terms of life-cycle costs to obtain any speaﬁc level of

reliability, mnmtmnnhmry and supportab ahi ‘.!}'- This will t\,rpm ,‘y' mean

[ 1]

holding the other two components of the Ag index constant for analytical
purposes.
. Second, for a given system, alternative combinations of

MTBF/MTTR/MLDT must be evaluated and related life-cycle costs
aggregated to yield a curve (or a data reiationship), such as portrayed in
at

INnea ) 2 fae tha - onn mom bl

rigure Z-5 Ior that system optiod.

-2-13 Enclosure (1)
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It is not the inient of this handbook i0 develop detailed, specific cost estimating meihodoiogics for
Aatarmining tha ~rnct Af hnving a mana (Ar lace) m“akln nr maintainahla cuvetam Aatarmining tha
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ot‘ a system The specific mcthodologxcs are lxkcly to bc systcm dcpcndcnt. We will, howcvcr
provide a general methodology or approach that will provide the cost to Ag relationships depicted
in Figure 2-3. The methodology also provides visibility to ensure that necessary trade-offs among
the elements of Ag analysis are made.

The general methodology or approach to be described is 1mportant from several

— -h PO ‘PP Yy AN DN L Py DY DR . pe-re.

£ wrdmans
1 VICW, (‘ bl 1l Lall UT UdCAU 111 UIT Calllodl pliasod v abqunxuun, muccu, as uu: dbqulbluull
n

race nrnraade intn tha damanctratinn and validarian nhaca malinhility and maintainahilityu fantare
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become relanvelv fixed and mcreasmglv difficult and costlv to change It is 1mmmmL therefore,

to consider these trade-offs carly Sccond it provides for the establishment of pnchmmary Ao
thresholds on the basis of mission effectiveness; reliability is an important ingredient to measuring
mission effectiveness and any changes in reliability requirements on the basis of cost must be
evaluated in terms of the mission profile for the system. Third, the methodology is based on using
a consistent set of cost and effectiveness techniques throughout the acquisition process. However,
as we move through the phases of acquisition, the relevant data becomes more reliable.

Prmcpnm-ntlu cost and effectiveness estimatas hecome more reliabhle and discrenancies
V‘l r‘lw Ay AANWARAA

previous csumates more easily analyzed. Finally, and most importantly, it provides us with the
necessary information to establish the best possxble Ao rcqulremcnt for the system in terms of both
cost and system effectiveness. The sequence of analytical steps discussed below should be
conducted by the Program Manager, not the Sponsor. In reviewing and evaluating the Program

Manager’s cost analysis, however, the Sponsor should assess the completeness and

TCaSOﬁaméﬁeSS OI mc rrog] gram Maﬂagcr S ap‘pi Oacn Dy §§gﬂ§ “ﬁa iiy I A!l S] nn gk €ac AL“ SE . p in u]g
aﬂ_&kf_ﬁ Ateach Stby, the s SpOnsor should:

. Confirm the assumptions made
. Validate the accuracy and appropriateness of the basic data utilized

. Establish the correctness of the computations and results

. Verifuv tha cnncictancu nf tha annrmach frnm ctan tn ctan
v ““J AW wll“‘ow..vl WA WAWw “yy.wv.. AANJALAL -‘lwy .~ 4 \,wy

. Ensure that the analysis is adequately described in supporting documents.

Aftcr the Opexatmg Requuemcnts (OR) document i 1s completed, _possible alternative
systems wmcn can meet tnc > system rcqmrcments ouumeu in the OR wm be expiored. Idealiiy,
caul Ul UIC byblcujb auuuxu W UCDOUUCU m melctc ucu.u ul icrmis Ul ll.b masier WlllpUllClll pana
This is essential for any reasonable cost to Ag analysis.

As we have indicated, this requires that a Baseline Comparison System be developed, that a
"paper” prototype of each system (subsystcm or equipment) opuon under consideration be built
from the BCS, and that relevant reliability, maintainability and cost data be estimated. At this stage
of systems acquisition, much of thxs data will be defined only at the eqmpment and major
repairabie componenis lcvcls. This rcansuc data constraint must be recogmzea oy mc aponsor.

Alacrambhalanas nn o tnemasr tha Comnmane abhaoold nmcmatcmcanlle. caals o ata tmdamtrimad Janamtwmed o O

INCVCLUICIOYD al gL, uic PO DHUUIU CullUiIually dSCCA a bumplcw uuxluu.u;u uesiipuon vl

ct nmlnnmmnnnf\ whirh mnet I\. fl-u-lnmrl hu tha Drnaram Manacar
WA rvllv l‘l VVAlAwil MIWMOL Vv Wivw A lvalill.ll "m.ﬂbv‘.

. The Weapon Replaceable Assemblies (WRAs) must be defined. These are
the parts of the system that are removed and replaced at the organizational
level to repair the system when it fails.

[+
w
l.: e
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The Shop Replaceable Assemblies (SRAs) of each WRA must be defined.
These are subparts of the WRAS that are used to repair the WRAs usuailiy at
the intermediate or depot-level maintenance facility.

Diaca Partc of each SRA must he defined, These are snbnarts of SR

L IVA/Y A Rl W Vi Wilvii WA & AAiWUSY WY wwas Awww e w r— - - vs

pair SRAs usually at the intermediate- or dcoot-lcvcl
mamtenance facxhty

As that

The end result of this description should be a list of the following type:

INDENTURE STRUCTURE OF SYSTEM X

System X
WRA (1)
SRA(D)
PP(1,1)
PP(1,2)
CD A/MN\
TN\ &)
PP(2,1)
PP(2,2)
PP(2,3)
SRAQ3)
araSA®

In addition to the indentured structure of the system, the Program Manager must eventually

approximate the following for each component (WRA, SRA, and Piece Part):

f repair (intermediate and depot)

Repair Times at each level of repair

PRSI W Pk

moly

Quaniity per next higher as
- Number of each WRA to system

- Number of each SRA in its WRA

- Number of each piece part in its SRA
Mean Time to Repair (MTTR) each WRA

. This time is to reflect the time to remove and replace a defective
WRA at the organizational level assuming the supply room has a
replacement on 1 hand or to repair the WRA at the organizational level
if no replacement part is needed.
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It is emphasized that the full set of technical and logistic sunnort data outlined above must

39 LRI GRRARAS 52260 2% 25232 9% AL SRRSLAINES &L SNE RSN SN VAL ARSE VNSNS SVVYY i

ultimately be dcvcloped in order to fully analyze cost trade-offs in reaching a concrete system
specification (at all levels of indenture) and a related Ag threshold on which testing and, eventually,
system deployment will be based. This complete set of data will be component, subcomponent,
and pxecc part umquc Specxﬁc loglsnc plans (maintenance, sparmg, pcrsonncl transponauon,
etc.) must be evaluated using related logistic support costs which are derived through the LSA
process and detailed maintenance and supply support planning will be conducted to build the ILSP.

From the Sponsor's perspective at this stage in the acquisition process, however, the full, specific,

component/piece part level data set will not be available. The level of generality in the data will be
hlgh and analysxs will likely be at the major system level. Subsvstcm/component level data wili, at
best, represent broad estimates. The generality of the technical data and the absence of more
specific technical data clearly limits the value of the results of our Ag to cost trade-off analysis.
Wlulc it docs not changc the approach that the Program Managcr should use, the Sponsor must be
cognizant of the level of detail at which the analysis can be conducted at uus Stage in aoqmsmon

CarnnnAd avan agivan tha lanl AFf cnanifis ontheosrotacm/Aancmrnnant/miana name Armrresa e

YA VLI, CV’CH leCll UiV 1avi Ul apwuu— DuUB]DwuﬂWlqulclluPch Pdll Udm, ulc Muldby Ul UIC
data available may be limited at this point in the acquisition process. As system development
proceeds, these data accuracy problems will be resolved. Nevertheless, prior to Milestone I, we
should recognize that the above data will contain some inaccuracies. 'I‘hcrcforc, the dcscnpnon of
the system and the corresponding data elements should be based on similar existing systems
currently in the Fleet. The necessary data elements should be extracted from Fleet data via thc data
sources outlmed earlier. Rehabthty elements (failure rates) must be estimated for the " papcr

PSSR R T I [ RPN (SNSRI R . PR t‘ﬁ‘ pfé_-_-; rehab lities (‘)h'—‘ SYSKC A AT
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Below, we describe the considerations that must be explored in making trade-off analyses
orin constructmg cost to Ao relanonshxps We will give a generahzcd step by step procedurc that
should be used by the Developing Agency in this type of analysis. It forms the basis of Sponsor

review and evaluation of the cost trade-off analysis. At the end of the section, Figure 2-7 provides
a flow chart of the methadalaov

QR ALIVYY Vil Vi Wi usvuivivav gy .

Stepl
Sclcct one of the systems under consideration. Operating tempo and density of the system

host platform and the ' total buy should be established t bcrorc proceedmg lt more than one
inder CGﬁqucrauun, the wuowmg ﬁi‘l"YS‘S shoul

'
npared if Ag and the cost of achieving Ag will have

hich will be eventually purchased.

OQE

Select particular MTBF and MTTR levels to be analyzed and determine the unit acquisition
coss of your system in terms of the reliability and maintainability levels chosen for the system. The

s1tlimad e thic meannadiies xnll b s b anctad -... cmmamntale. fom analk A TR

N erTrn
ULIICU Ul UL PIRtAdue Wiil 11aVe 10 OC Carmica Out S€ Sepaiaicly 1UI Calll MiDr/ivil IR
. - . .

[
ses on the basis of reliability or maintainability.

The intermediate result of this portion of the analysis should be a table giving the unit cost
of the system for a range of reliability (MTBF) and maintainability (MTTR) combinations. In
many cases, MTTR will be relatively small and will have litte effect on the availability calculations.
However, on some systems whosc use rcqum:s quick repalr when tallurcs are dxscovcrcd (e.g.,

missiles and missile launchers) ), the MTTR will be a critical factor and the use of a fixed average

I-2-17 Enclosure (1)
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regardless of the system's MTBF may lead to incorrect Ag conclusions. If MTTR is a critical
factor in the analysis, a table of the following type should be developed giving unit costs for the
feasibie combinations of MTBF and MTTR.

E
=
=

300 400...

'U'nit costs corrcsponding to each

\IVl 1IN, LVI 1 Dl') LU[LIUHIAUUII

S.h) W !\.P N
LMOoOwmoO

If MTTR can be held reasonably constant in the analysis, the above table can be described
with a graph as shown in Figure 2-4.

At this point, failures and maintainability rates of the WRAs, SRAs and piece parts will
have to be adjusted to reflect the system reliability to be analyzed. They should be adjusted

mmcamctt mmntale: b hha AAncencnt st sure T
proportionately to be consistent with desired system reliability and maintainability.

As the acquisition process proceeds and the necessary trade-off analyses have been made in
the mamtamablhty and rchablhty area, the system will be well defined and these factors will be
fixed to the point where analysis of alternate reliabilities and maintainabilities will not be necessary.

—:, .-!

Select a logistic support structure for the system. That is, specify the supply and
maintenance points that can be used for the system. In the early phases of acquisition, there are
frequently several possible support options which reflect the pos51b1hues of using intermediate and
depot-level maintenance and the precise locations of the individual maintenance activities.

o A

—_—— . . . .
Each support option and system reliability values requires a reevaluation of the repair rates

in the basic data set. If the selected support option does not have any intermediate-level
maintenance, for example, the repair rates have to be adjusted to reflect this situation. The
reliability of the system also has a direct bearing on the level of maintenance used for the individual
components of the system. Typically, a level of repair analysis is carried out to determine the most
cost effective way of maintaining the components of the system. The analysis carried out at this
pomt may not be of significant value if the data does not yet have a great deal of accuracy. If the

decision is to forego the level of repair analysis, use the repair rates in the basic data set (adjusted
of course te reflect decisions on reliability and support structure).

Make a life-cycle cost estimate of thc ﬁxcd costs mvolved for thc Integrated Logistic

Support (ILS) that would accompany the planned use of the system and the particular support
structure being analyzed. These ILS elements are described below. They cons

ILS except prepositioned spare parts costs.

The Sponsor should recognize.that cost estimating techniques, as outlined in DODI
5000.33 and DODD 4245.6 will provide, at best, relative cost comparisons for alternative systems.
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The key to using such models is to ensure consistency in assumptions and data and to evaluate
recnlte in a comnarative vice abhsolute senge in examining alternative notential svsteme
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PRINCIPAL ILS ELEMENTS
(Less prepositioned spare parts)

mbmen mon ma lamamicma amd
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Support and Test Equipment

Training and Test Equipment

Technical Data (Manuals and Publications)

Computer Resources Support

Packaging, Handling, Storing and Transportation Costs
Facilities
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Step 6

__Estimate prepositioned spare costs. These are the costs that are placed in Aviation
Lonsondated Allowance Lists (AV(.ALs), Lonsohdated bhip Allowance Lists (CUbALs),

Consolidaied Shore-Based Allowance Lisis \LUDDALA ), Shore Consolidaied Allowance Lisis

(AT &\ and at intarmadinta. and whalacala_laval ctAnl nn'nfe in or‘\'onm Af cuctam fu-l-m
\ Wil )y QLI G LWL LIRNUIGWY. AU ZWWilvivoalv iv Vvl OWVvA yvu All GV QGLIVAY VI DJEW LALLM WO,

These spares, together with repair and replenishment of failed parts, are used to provide quick
resupply to failed systems.

There are several ways of estimating these spare costs. It is essential that these costs be
estimated using standard Navy methodology. The Aviation Supply Office and the Ships Parts
Control Center will provide the Program Manager with the necessary expertise to compute the

fmurantsvianmt Ano te ~AFf thaca cmanma nasto n—A v ds ~e oL- a-\n—--\n lavale fae mneto 1 tha data cat fam an~h

investment CoSts Of UiCSC Sparc parts ana preaict tnc sparii 5 1ICVEIS 10T parts il uic dala sCi 1ot adii
of the lnnlv nointe of the sunnort netwaork vou are analvzi
ol the ne ar Y

iV Suppay pv iv Sup ol syvvan Ve v Waaes

Using this prepositioned spares package, estimate the resulting Ag of the system. For
aircraft systems, the NADC SPECTRUM model or the NAVAIR CASEE model can predict
resulting system Ag for the prepositioned spare parts chosen and the resupply and maintenance
network that we are analyzing. The NAVSEA Tiger model can provide similar analysis for ships.

Unfortunately, standard Navy sparing methodology does not have the flexibility to select

cnarac direntlu an tha hacic Af meating a meadinace nhiartive SCSnancarc chanld tharafare
ey“lv“ WAL WV b J Wil WiV VWNJAT Vi mwwlb -“ lvmwog VVJWqu vallw‘“ DIV HINY HiIWAWAVE VY

encourage the use of so-called ' onmmmtmn sparing techniques by the Program Manager to
determine the sparing cost versus system readiness relanonshms for the system being evaluated.
In many cases, an optimization approach to sparing will yield the most cost-effective

package for a new system and, where the cost versus effectiveness trade-offs dictate, the Sponsor
should request (from OP-41) authority to use such a non-standard methodology. Clearly, if the
rcaamcss ODJCCUVC OI mc sysrcm cannot oc [DCI Dy sumaam spanng wcnmqucs IO!' consumer- ICVCI

o nAd samaie nase N A1 ¢ hha na mwad ¢ta allaw: tha ne Af an bt evai matian svandal ~h
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as the Availability Centered Inventory Model (ACIM), in determining the prepositioned spares
requirements for a system. ACIM can select spare requirements to obtain maximum readiness at an
arbitrary cost. Once reliability, maintainability and the elements of ILS have been fixed (as we
have done in steps 1 through 5), the parameters necessary to execute ACIM with the data base
should be available and ACIM can be used to determine the cost of the required prepositioned
spares that are necessary to support an arbitraxy Ao level. ACIM is but one of several optimimtion

. _al _ A_ & _

modeis which are avaiiabie as aliernatves io siandard Navy spanng meihods for consumer-ievel

Enclosure (1) II-2-20
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inventories when the readiness objective of the system cannot be met by normal methods. Current
Navy policy on the use of non-sparing methodologies is provided in NAVSUPINST 4442.14
(NOTAL). The Naval Supply Systems Command (S”P-042) can provide the Sponsor with the
tcchmcal and management expertise o evaluate the appropriateness of any given sparing model for

a particular system requirement.

it acquisition cost of the system, determine the cost of the total system buy.

cost the sum of the costs of the ILS support other than prepositioned spares. We will
<

um of costs x. For each Ag value considered, compute the cost of spares required to

a4 M4 Va QS22 4 vaISsSS 233832 aiv Uil wisD

A
5
o
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E

support this Ag via the ACIM model. Thls cost plus x is the hfc~cvclc cost of supporting ‘the
corrcspondmg Ag level. Since ACIM can only be used on an exception basis, compute the cost of
buying prepositioned spares with standard Navy sparing and compute the corresponding Ag. The

end result of the anal_ysxs is a graph similar to Figure 2-5.

n
41

The information displayed in Figure 2-5 can be used in conjunction with the Ag to
effecnvcncss relationship developed for the system alternative to determine the most appropriate

A O L _1-__._-._ L e mace i dacad acmd e o

spanng methods for the alternative being consiaereq, ana
a

P ’ 2.5
demonstrated or validated in the ncx phase of acquisition.

malnno this decision. However, it is advisable to examine the A, level achieved under standard

AV VY WV way a2 S= ¥ 2SS Q22320 L2 £ ‘V 1C Vel av.illi

Navy sparmg policies. If this Ag level supports established mission effectiveness objectives, then
this Ag threshold value should become the A threshold for analysis of other alternatives.
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is not our intent to give a formula for
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The above procedure should be used to analyze different systems, alternative support
networks for a given system, and alternative reliability and maintainability requirements for the
system. By repcatedly can'ymg out the seven-step proccdure outlined above, we can derive cost-

to-Ag fclauonsmps for each possible aliemative we wish to consider. By incorporating these cost-
PO | ntemmalelima Canw Aiffamnnt altamatuan 1mn oren e
10-Ao relationships for different alternatives in a single graph, we may select the low-cost

alternative consistent with the Ao threshold range ¢ stabhshed Figure 2-6 shows graphs drawn for
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Note that we can compare the systems on the basis of the Aos attained under standard Navy

support policies as well as under the "spare by exception” ACIM policy. Once the life-cycle cost
analysis is completed, a decision by the Sponsor as to the specific system to be dcvcloped
cuiminates in a Mnestonc I request to proceed with demonstration and validation of that specific

cen e~ Yo T _____ £ .l o o a1 tammmnttere A Lomernlidatinm and

system concept. In rlgurc 2-6, the Sponsor would select alternative A

A w3 rannon me.
demonstration recognizing that to meet the required A, thresh

required.

-
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As discussed earlier the cost-benefit analysxs of Ao is an inherent part of the DCP/NDCP
required at Milestone 1. Backup or supporting documents include the PILSP and technical

PSR 1 ha NDAINYCD 1 ey
appendices to the DCP/NDCP. While there are no specific additional documentation requirements

relatad cm-f’pnllu to cost-benefit analvsis of A5 prior to Milestone I the Sponsor should ensure
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that all assumpuons, data sources, and computations are retained in program files. The system
concept which provides requisite Ag coverage at lowest life-cycle cost should be selected at

Mﬂcstonc I for validation and demonstration.
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FIG. 2-5: A, VERSUS LIFE-CYCLE COST
Enclosure (1) II-2-22



OPNAVINST 3000. 12

2 9 DEC 1987
4 == Alternative 8 (ACIM)
"
- Alternative A (ACIM)
B } Preliminary A,
thrashoid rangs
S

Jo A/ternative A
/ (standard Navy sparing)

,\
i Alternative 8

(standard Navy sparing)

Life-cycie costs

FIG. 2-6: LIFE-CYCLE-TO-A, RELATIONSHIP
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2. e
3. .
4. o
5. .
6. o
7. .

Select one of the systems proposed to met required operational capability
Establish baseline (paper) prototype system with baseline R&M parameters

Establish operating characteristics of system (¢.g., opicmpo) and total buy quantity
Set system reliability and maintainability values to be analyzed and determine

VWil s vasR sy Seate R2llSSlSIES ._-.- R e ) £ &2 2L LA

v
vstcm unit cost for these parameters
Requires capablhty to estimate unit cost on basis of system reliability and
maintainability

w

Adjust baseiine R&M
necessary o reflect chosen Sysiimiic u.uauuu] and maintainacialy

Establish a logistic support structure for the system (resupply and maintenance
points)

Readjust repair rates in basic data set to reflect repair capability at various echeions
of support
- Do level of repair analysis if quality of data permits

Estimate IS support costs--other than prepositioned spares
- Manpower and Personnel

- Support and Test Equipment

- Training and Test Equipment

- Manuais and Pubiications

- L,ompulcr Resources ouppon

- Packaging, Handling, Storing and Transportation Facilities

- Replenishment Spares

Estimate prepositioned spares costs using standard Navy methodology and estimate
resulting Ag using assumptions made in entire analysis

Use ACIM to estimate prepositioned spares costs for various Ag objectives

..... i~ N o~
Construci uxc-\,yuc Cost o Ao yapua

FIG. 2-7: FLOW CHART OF GENERAL COST-TO-Ao METHODOLOGY
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